A bstract. A method for the large-scale preparation of spinach chloroplasts using the Spinco Model L-4 zonal ultracentrifuge and for the extraction of DNA from the chloroplasts is described. Thirty-five percent of the chloroplast DNA (p = 1.706 g/cc) differs from nuclear DNA (p = 1.695 g/cc) in buoyant density, Tm, base composition, and renaturation properties. Sixty-five percent of the chloroplast DNA (p = l.6% g/cc) has the same buoyant density and Tm as nuclear DNA, but it differs in base composition and renaturation properties.
The presence of DNA in subcellular orgailelles lhas been convincingly demonstrated during the last several years (10) . The major method used to clharacterize these satellite DNAs has been the determiniation of buovant densitv in CsCl. Generally. these buoyant density determinations have show-n that in DNA isolated from chloroplasts there is a minor DNA species which differs in buoyant density from nuclear DNA. In almost everv case, however, thle mlajor DNA species isolated from chloroplasts has lia(l the samiie buioyant density as nuclear DN.\, anid this mnajor chloroplast DNA has. therefore, beenl auscribed to contaminationl by nuticlear DNA ( 13).
For example. Chun et al. (8) , working with spinacl.
found buoyant densities of 1.695 g/ce for nuclear D)NA. 1 .695 g/cc for the mliajor chloroplast DNA. and 1.705 g/cc and 1.719 g/cc for 2 mlinor chloroplast DNA species.
There have been 3 reports describilng the isolationl of only a single species of DNA from chloroplasts. Trewari anld Wildman (17) uise a razor blade honmogenization procedure which provides a single chloroplast DNA fronm tobacco: this chloroplast DNA does differ in buiovant densitv from nuclear DNA. Whitfeld and Spelncer (19) isolated a single chloroplast DNA from both tobacco and spinach, but these DNAs had the same buoyant densities as the respectiv e nuclear DNAs. A single chloroplast DNA intermediate in buoyant density between nuclear DNA and a "heavy" satellite DNA was isolated by Wells and Birnstiel (18) Sufficient quantities of chloroplast DNA differing in buoyant density from nuclear DNA were accumulated to determine the actual base composition for tobacco (17) and Euglena (6) . In addition, the chloroplast DNAs of tobacco and spinach which had the same buoyant densities as the respective nuclear DNAs were analyzed for base composition (19) . In all of these cases the chloroplast DNA contains no 5-methvlcytosine, whereas the nuclear DNA does contain a significant amount of 5-methvlcytosine in the range of 2 to 6 mole percent. The work to be described was directed towards the development of a procedure for the large-scale preparation of spinach chloroplasts as free of nuclear contamination as possible. This provided a source of much larger amounts of chloroplast DNA than heretofore available.
Materials and Methods
Preparation of Spinach Nuclei. Spinach (Spinacia oleracea) was purchased on the day of use from local supermarkets and stored at 4°. The method used was essentially that of Green and Gordon (11) . The buffered sucrose used in this method and those to be described later consisted of a certain percentage of sucrose (w/w) and 0.005 M EDTA, 0.01 M NaCl, 0.004 M mercaptoethan-ol, and 0.02 M tris. pH 8 In order to characterize the DNA obtained fronm chloroplasts, it was, therefore, necessary to separate the 2 DNA species actually present and to study them individually. This separation was accomplished ill ) cycles of preparative CsCl den,sity gradient centrifugationi itn a fixed ;angle rotor. The effectiventess of this separation canl be seeni in Fig. 4a and 4b . rhere is no indicationi that more than on,e DNA species is present in the separated light and heavy chloroplast DNAs.
The Tm of light chloroplast DNA was 84°while that of heavy chloroplast DNA was 87.50 in SSC. Upan, heat denaturation and fast cooling, the light chloroplast DNA increased in buoyant densitv by 0.015 g/cc (Fig. .5a ) vhile heavv chloroplast DNA increased by 0.014 g/cc (Fig. 6a) . Under slow cooling renaturation conditions, the heavy chloroplast DNA renatured almost completelv (Fig. 6b) , but the light chloroplast DNA renat-tred to 1.703 g/cc. a value intermediate between its native and denatured buoyant densities (Fig. Sb) . The base composition of the 2 chloroplast DNA species is listed in 
